
PARALLELOGRAMS AND TRIANGLES 


Theorem 


In a parallelogram 

(i) Opposite sides are congruent. 

(ii) Opposite angles are congruent. 

(iii) The diagonals bisect each other. 


Oiven 


In a quadrilatéral ABCD, 
ABIIDC.BCIIAD and the diagonals AC, BD 
meet each other at point O. 


Toi Provt* 


(i) AB= DC. AD s BC 





(ü) ZADC s ZABC, ZBAD = ZBCD 

(iii) ÔÂs OC. OB= ÔD 


Construction' 


In the figure as shown, we label the angles as Zl, Z2, Z3, Z4, Z5 and Z6. 


Proof 


Statements 

Reasons 

(i) 

In AABD ACDB 




Z4 - Zl 


Alternate angles 


BD s BD 


Common 


Z2 = Z3 


Alternate angles 


AABD = ACDB 


A.S.A. = A.S.A. 

So, 

ÂB= DC. AD s BC 


(corresponding sides of congruent triangles) 

and 

ZA = ZC 


(corresponding angles of congruent triangles) 

(ü) 

Since 




Zl s Z4 

....(a) 

Proved 

and 

Z2 ~ Z3 

....(b) 

Proved 

m \ 

mZl + mZ2 = mZ4 + mZ3 

From (a) and (b) 

or 

mZADC = mZABC 



or 

ZADCs ZABC 













and 

ZBAD = ZBCD 

Proved in (i) 

(iii) 

In AB OC O ADOA 


BCsÂD 

Proved in (i) 


Z5 = Z6 

Vertical angles 


Z3 = Z2 

Proved 


ABOC s ADOA 

A.A.S = A.A.S 

Hence 

ÔC=ÔÂ,ÔB=ÔD 

Corresponding sides of congruent 
triangles) 



Each diagonal of a parallelogram 
bisects it into two congruent triangles. 

The bisectors of two angles on the 
same side of a parallelogram eut each other 
at right angles. 


ïïm'iT 


A parallelogram ABCD, in which 
AB II DC, ÂDII BC 
The bisectors of ZA and ZB eut each other at E. 




mZE = 90° 


< '(instruction 


Name the angles ZI and Z2 as shown in the figure. 

IJWffB 


Statements 

Reasons 

mZ 1 + mZ2 


1 

mZl=-mZBAD, 

= ^ (mZB AD + mZABC) 

* 

2 

mZ2=— mABC 

2 

o 

O 

OC 

II 


Int.angles on the same sideof AB 

AAÜ 

< 

Which cuts j | segments AD and BC 

-90 


aresupplementary. 

Hence in AABE, mZE = 90° 

mZl + mZ2 =90° (proved) 





EXERCISE 11.1 


(1) One angle of a parallelogram is 
130°. Find the measures of its 
remaining angles. 



ABCD is a parallelogram that 
ni Z A = 130° 




> 


Proof 


L. 


(Required) To find the measures of ZB, ZC, ZD 


Statcments 

Reasons 

mZC = mZA 

Opposite angles of parallelogram. 

mZC = 130° 

Given, mZA = 130° 

mZB + mZA = 180° 

AD f ! BC and AB is tran sversal . 


sum of interior angles. 

mZB + 130° = 180° 

Given mZA = 130° 

mZB = 180° -130° 

Ju 1 

mZB = 50° 


mZD = mZB 

Opp. angles 

mZD = 50° 

As mZB = 50° 

mZB = 50°, mZC = 130°, 

î 

mZD = 50° 




One exterior angle formed on producing 
one side of a parallelogram is 40°. Find 
the measures of its interior angles. 


ABCD is a parallelogram, side AB has been 
produced to p to form exterior angle mZCBP = 40° 
and name the interior angles as ZI, ZC, ZD, ZA. 

Esn 



To find the degree measures of Zl, ZC, ZD, ZA 


Statements 

Reasons 

mZl + mZCBP 

180° 


Supp.angies. 


mZi +40“ 

180° 


mZCBP 

= 40° given 






m Z 1 

rs 

180°- 

O 

o 


mZl 


140° 

(0 


mZD 

= 

mZl 


Opp.angles of llm 

mZD 


140°.. 

-..(ii) 

From (i) 

mZA + mZl 

= 

O 

O 

00 


AD 1 1 BC and AB is transversal. 

mZA+ 140° 

= 

180° 


(Interior angles) 

From (i) 

mZA = 

180° - 

- 140° 



mZA = 

40°.. . 


— (iii) 


mZC = 

mZA 



Opp. angles 

mZC = 

40° 



From (iii) 

Thus mZl = 

O 

O 

mZC = 

40° 

— uL. 


In a quadrilatéral ABCD, 
ÀB s DCand ABU DC 

ABCD is a parallelogram. 


Construction 


Join the point B to D and in the 
figure, name the angles as indicated: 

ZI, Z2, Z3 and Z 4 


Proof 


Statements 

Reasons 

In AABD o ACDB 


ÀB s DC 

Given 

Z2 = ZI 

Altemate angles 

BD s BD 

Common 

AABD = ACDB 

S. A. S. postulate 

Now Z4 = Z3 (i) 

(corresponding angles of congruent triangles) 

— 

From (i) 

AD II BC ....(ii) 



Given 


Theorem 


If two opposite sides of a 
quadrilatéral are congruent and parallel, it 
is a parallelogram. 









and ÀD = BC (iii) 

Also ABU DC ....(iv) 

Hence ABCD is a parallelogram 

Corresponding sides of congruent As 

Given 

From (ii) - (iv) 


EXERCISE 11.2 



( 1 ) 


Prove that a quadrilatéral is a parallelogram if its 

(a) Opposite angles are congruent 

(b) Diagonals bisect each other. 

Given ABCD is a quadrilatéral. 

mZA = mZC, 
mZB = mZD 

ABCD is a parallelogram. 


Broof 



Statements 


mZA=mZC (i) 

mZB=mZD (ii) 

Now 

mZA + mZB + mZC + mZD = 360° 
mZA + mZ B + mZA + mZB = 360° 
mZA + mZA + mZB + mZB = 360° 
2mZA + 2mZ B = 360° 
(mZA + mZ B) = 360° /2 = 1 80° 
ÂDIIBC 

Similarly it can be 

Proved that ÀB 1 ! CD 

Hence ABCD is a parallelogram. 


Reasons 


Given 

Given 

Angles of a quad. 

From (i), (ii) 
R^irranging 

Dividing by 2 
As mZA + mZB = 180° 
(sum of interior angles) 


(2) p rove that a quadrilatéral is a parallelogram if its opposite sides are congruent. 

D „ C 

In quadrilatéral 
ABCD, ÂB =DC, 

ÂD =BC 


ABCD is a II gm 
ÂBII CD, ÂDIIBC 



Construction 


loin point B to D and name the anales Zl. Z2. Z3 and Z 4 







l'roof 


Statements 


Reasons 

AABD<->ACDB 

AD s CB 


Given 

ÂB=CD 


Given 

BD s BD 


Common 

AABD = ACDB 


S.S.S s S.S.S 

So Z2 = Z1 

(i) 

Correspond! ng angles of Congruent triangles 

Z4 = Z3 

(ü) 

Altemate angles 

Hence ABIICD 

(iii) 

Z2 and ZI are congruent 

Similarly BCIIÂD 

(iv) 

Altemate angles Z3, Z4 congruent 

/. ABCD is a parai le logram. 

From iii, iv 

V 


rtu-Mu tn 


The line segment, joining the 
mid-points of two sides of a triangle, 
is parallel to the third side and is 
equal to o ne half if its length. 

In AABC, the mid- 


( fiViH 


points of AB and AC are L and M 
respectively. 


lo IVovê 


LM II BC and mLM =— mBC 

2 



( onstructioii 


Join M to L and produce ML to N such that ML=LN Join N to B. and in the figures 
name the angles Zl, Z2, Z3 and Z 4 as shown. 


Irroot 


Statements 

Reasons 

In ABLN <-» AALM 


BLsÀL, 

Given 

N 

tli 

N 

Vertical angles 

NL = ML 

Construction 












* * 

ABLN s AALM 

ZA.-/3 

....a) 

and 

NB ~ AM 

....(ü) 

But 

NB il AM 


Thus 

NB II MC 

...(iii) 


MC s AM 

...(iv) 


NB s MC 

.. (V) 


BCMN is a parallelogram 

•*> 

BCIi LM or BC II NL 



BC- NM 

....(vi) 


mLM=~mNM 

A 

Z 

....(vii) 

Hence 

mLM=- m BC 

2 

V» 


S.A.S. postulate 

(corrcsponding angles of congruent triangles) 
(corresponding sides of congruent triangles) 

From (i), alternate Z. s 
(M is a point of AC ) 

Givcn 

{from (ii) and (iv)} 

From (iii) and (v) 

(Opposite sides of a parallelog-am 
BCMN) 

(Opposite sides of parallelogram) 
Construction 

{from (vi) and (vii)} 



The line segments, joining the mlJ-points of the sides of a quadrilatéral, taken in 


order, form a parallelogram. 



A quadrilatéral ABCD, in whieh P is 
the mid-point of AB , Q is the mid-point of 
BC , R is the mid-point of CD, S is the mid- 
point of DA . 

P is joined to Q, Q is joined to R. R is 
joined to S and S is joined to P. 




PQRS is a parallelogram. 



Join A to C. 



Proof 


Statements 

Reasons 

In ADAC , 



SR II ÂC 


S is the mid-point of DA 

mSR=— mÂC 

y 

R is the mid-point of CD 

2 J 



In ABAC, 



PQ II ÂC 


P is the mid-point of AB 

mPQ=-mÂC 

> 

Q is the mid-point of BC 

2 


V 

SR II PQ 


Each II ÂC 

mSR = mPQ 


Each =— mAC 

2 

Thus PQRS is a parallelogram 

SRII PQ,mSR=mPQ(proved) 


EXERCISE 11.3 


1 


(1) Prove that the line-segments joining the mid-points of the opposite sides of a 
quadrilatéral bisect each other. 


(riven 


ABCD is a quadrilatéral. 

P, Q, R, S aie the mid-points of AB,BC,CD, DA 
respectively. 

P is joined to R, Q is joined to S. SQ,PR 
intersect at point “O” 


To Prove 


OP s OR, OS s OQ 

G5S3S5I^3 Join P, Q, R, S in order, join A to C. 


Proof 



Statements 

Reasons 

SRII AC 

mSR = - m AC 

2 

Ü) 

In AADC. S, R are mid-points 

Of ÂD,DC 

(ü) 










And PQHAC 

(iii) 

mPQ = — mAC 

2 

(iv) 

PQIISR 

(v) 

mPQ = mSR 

(vi) 

Similarly PSI1QR 


mPS= mQR 



In A ABC; P, Q are mid-points 
of ÂB,BC 


from (i), and (iii) 
From (ii) and (iv) 


Hence PQRS is a parallelogram 
Now PR , SQ aie the diagonals 
Of PQRS that intersect at point O. 
ÔP=ÔR 
ÔSsÔQ 


Diagonals of a parallelogram 
Bisect each other. 


(2) Prove that the line-segments joining the mid-points of the opposite sides 
rectangle are the right-bisectors of each other. D R >> 


< livvii 


ABCD is a rectangle. 

and P, Q, R, S are the mid-points of sides 
AB,BC , CD and DA , respectively. "v. ; 

P is joined to R, S to Q These intersect at “O” 


To Prove 


OQ s OS, OR = OP and RP1SQ 


O 


-H- 


Proof 


Statements 


ABU CD 


Reasons 


opposite sides of rectangle 


AP=DR (i) 

mAB=mCD 

— mÂB =— mCD 
2 2 

mÂP= mDR (ü) 

APRD is rectangle 








OR -OP 

As mZA =s mZD = 90° 

Similarly OQ=OS 


Now In rectangle APRD 


raDA=mRP 


^•mDA = mRP 

2 


mDS=mRO 


/. DSIIRÔ, 


Hence SORD is rectangle. 


mZSOR = 90°, RP1SQ. 

Diaunnoîe nf o _ _ . -» 



Prove that the line-segment passing through the raid-point of one side and 
J toanother side of a triangle also blsects the third side. 

In AABC, D is mid-point 
fAB.DEJIBC which meets AC at E. 



is 


mid-point of 


•Nlïll'IlOIJ 


Take EFIIAB which meets BC at F. 



Statements 


Now BDEF is parallelogram 

••• ËFsDB (i) 


Reasons 


DEIIBF given, EF||DBconst. 
Opposite sides of parallelogram 


EFsAD 
| ZUZB 
I Z2sZB 
|‘. ZI = Z2 
|Now In AADE AEFC 
| ZI ~Z2 
I Z3sZC 
| ÂD=ÈF 
(HenceAADE = AEFC 


(ü) 


Given 


(in) 

(iv) 


Corresponding angles. 
Corresponding angles. 
Form (iii) 


Forrn (iv) 

Corresponding angles. 
Form (ii) 

A.A.S = A.A.S 




i 

i 

i 

iua 

lu 

IS 

Corresponding sides of 
congruent triangles. 





lheorcm 


The médians of a triangle are concurrent 
and their point of concurrency is the point of 
trisection of each médian. 


( iivcn 


AABC 


Tn Prove 


The médians ol the AABC aie 
concurrent and the point of concurrency is the 
point of trisection of each médian. 



Draw two médians BE and CT of the 
Join A to G and produce it to point H such that 
ÂH Intersects BC at the point D. 


AABC which intersect each other at point ( 

AG = GH . Join H to the points B and C. 


Pr.oof 


In 


Statements 


AACH , 
GE HHC, 


or BEII HC (O 

Similarly CFll HB 00 

BHCG is a parallelogram 

.....OU) 


and 


mGD =^mGH 
2 


BDsCD 

AD is a médian of AABC 
Médians ÂD , BË and CF pass through 
the point G 
Now GH =AG 


..(iv) 


Reasons 


G and E are mid-points of sides AH and 
ÂC respectively 
G is a point of BE 

from 0) an d (ii) 

(Diagonals BC and GH of a 
parallelogram BHCG intersect each other 
at point D). 

(G is the intersecting point of BE and 
CF and ÂD pass through it.) 
Construction 







mGD =--mAG 

2 

from (iii) and (iv) 

‘ and G is the point of trisection of AD -(v) 


similarly it can be proved that G is also 


the point of trisection of CF and BË . 



EXERCISE 11.4 


(1) The distances of the point of 
concurrency of the médians of a triangle 
front its vertices are respectively 1.2cm; 
1.4 cm and 1.5 cm. Find the lengths of 
its médians. 


A 



center of gravity at G where 
mAG=1.2cm, BG = 1.' 4cm, mCG= 1.5cm 

rWWBfü To find the length of AP, BQ, 
CR 


Proof: 


mAP = |x(mAG) 

3 

= — xi. 2=1. 8cm 

2 

mBQ = |x(mBG) 

= — x 1 .4=2. 1cm 

2 


mCR = |x(mCG) 

3 

= — x 1.5 -2. 25 cm 

2 v 

(2) Prove that the point of 
concurrency of the médians of a triangle 
and the triangle which is made by 
joining the mid-points of its sides is the 
same. 


A 



In AABC, AQ,BR,CP are its 
médians that are concurrent at point G. 
APQR is formed by joining mid-points of 

AB, BC, CA 


To Prove 


Point G is point of concurrency of 
triangle PQR. 











WM 

Statements 

Reasons 

PRIIBC 

P, R are mid-points of AB and AC 

=> PR || BQ (i) 


RQUAB 

P, Q are mid-points of AB and BC 

=> RQHPB (fi) 


PBQR is a parallelogram. 


BR, PQ are its diagonal s, that bisect each other at T. 

T is mid-point PQ , similarly 


S is mid-point of PR and U is mid-point of PQ . 


IBfflHIB 




V 


If three or more parallel lines make 
congruent segments on a transversal, they 
also intercept congruent segments on any 
other line that cuts them. 


AB II CD II EF 

The transversal LX inten^cts 
AB, CD and EF at the points M, N and P 



respectively, such that MN-NP. The 

transversal QY intersects them at points 
R, S and T respectively. 


I o Provt* 


RSsST 


Construction 


From R, draw RUIILX,which 
meets CD at U. From S, draw SV II LX 


which meets EF at V. as shown in the 
figure let the angles be labeled as 
Zl, Z2, Z3 and Z4 




Statements 

Reasons 


MNUR is a parallelogram 

RU II LX (construction) 



ABU CD (given) 


MNs RÜ (j) 

(opposite sides of a parallelogram) 








Similarly, 

NP= SV 

(ü) 



Given 

But MNs NP 

(iü) 

{from (i), (ii) and (iii)} 

RU s SV 


Each is If LX (construction) 

Also RU II SV 


Corresponding angles 

ZI sZ2 


Corresponding angles 

and Z3sZ4 

In ARUS ASVT, 


Proved 

RÜ= SV 


Proved 

ZI ~ Z2 

Z3 = Z4 

ARUS s ASVT 


Proved 


S.A.A.-S.A.A. 

(corresponding sides of a congruent 

Hcnce RS= ST 


triangles) 


PMBfîFWWBS ti) A line, through the mid-point 
of one side, parallei to another side of a triangle, 
bisects the third side. v> 


(iiyeii 


ïn AABC, D is the raid-point of AB . 


DE H BC whichcuts AC atE. 



AEsEC 


Construction 


Through A, draw LM 11 BC . 


P roof 


Statements 

Reasons 

Intercepts eut by LM , DE , BC on 
AC are congruent, 
i.e., ÂC= EC 

I 

[ Intercepts eut by parallels LM , DE, 

[BC on AB arecongruent (given) 


v 


(ii) The parallei line from the mid-point of one non-parallel side of a trapezium to the 
parallei sides bisects the other non-parallel side. 

(iii) If one side of a triangle is divided into congruent segments, the line drawn from the 
point of division parallei to the other side will make congruent segments on third side. 






Exercise 11.5 



In the given figure. ÀXII BYIICZIIDU HEV and ABsBCsCD = DE if mMN=lcm then 


find the length of LN and LQ 


Given 


In given figure AXII BYIICZIIDU HEV , 
ÀBs BC = CD -DE, mMN = 1cm 


Required: 


To find mLN andmLQ 



Statement 

Reasons 

AXIIBYIICZIIDUIIEV 

Given 

AB-BC-CD-DË 

Given 

t 

v 1 I lines through A, B, C, D, E eut LQ in 

1 f 

BC-MN 

NPsPQ 

points L, M, N, P, Q. 

mMN =lcm 

LN=2MN 

Given 

=2(1) : 

=2cm 

v MN = 1cm 

LQ=4MN 

= 4x1 t* 

= 4cm 



Take a line segment of length 5cm and 
divide it into fîve congruent parts. 

[Hint: Draw an acute angle ZBAX. On AX take 

âp = pq 2 qr s rs £ st. 

Joint T to B. Draw line parallel to TB 
from the points P, Q, R and S.] 


Construction: 


(i) Take a line segment AB of 5cm long. 

(ii) Draw an acute angle ZBAX. 



(iii) Mark 5 points on AX at equal distance starting from point A. 

(iv) Join the last point (mark)T to B. 

(v) Draw SF, RE , QD, PC parallel to TB these line segments meet AB at F,E,D,C points. 







Resuit 


: AB has been divided into five 

equal points 

ACa CDaDËaFB 

3. Fil! in the blanks. 

(i) In a parallelogram opposite sides 

are (Parallel / Congruent) 

(ii) In a parallelogram opposite angles 

are (Equal / Congruent) 

(iii) Diagonals of a parallelogram 

each other at a point. 

(Intersect) 

(iv) Médians of a triangle are 

(Concurrent) 

(v) Diagonal of a parallelogram 

divides the parallelogram into two 
triangles. (Congruent) 

4. In parallelogram ABCD 

(i) mÀB ...s mDC 

(ii) mBC...a ...mAD 

Proof: 


(iii) mZl a ...mZ3 

(iv) mZ2 a ...mZ4 



5. Find the unknowns in the given figure. 



Given:Let ABCD be the given figure with 
ÂB= CD < 

BCsÂD 

To Find: m°, n°, x°, y 0 


Statement 


Reasons 


ABCD is a Parallelogram 

Z n = 75° 
m° + 75°= 180° 
m° =180°-75° =105° 
x° = m° 
x° = 105° 
x° + y°= 180° 
y° = 180° - x° 
y 0 =180° -105° 
y° = 75° 


^ AB=CD 

ÂDsBC 

Opposite interior angles 
supplementary angles 


supplementary angles 


6. If the given figure ABCD is a 
paralle logram, then find x, m. 

ABCD is a parallelogram with 
angles as shown To Find x° and m° 


D 





Proo 


Statement 


1 1 x° = 55° “ 

x°=^ = 5«> 

1] 

x° = 5° 

(5m + 10)° + 55° = 180° 
(5m +10)° = 1 80° -55° 
5m° + 10° = j 25° 

5m°= 125°- 10° 

5m° = J 15° 
m° : 23° 


Reasons 


Opposite angles of parallelogram 


Int. supplementary angles 


7 * The given figure LMNP i s a 

K :I °gram. Fmd tfae value of w, n. 

: The parallelogram LMNP with lengths 
a^iangles as shown to find: ni 0 and n° 


4rn+n 




10 


P — ■ — 

Statement 

4m h- n — io (ï) ~ — 

<Vm - 4n M 

Reasons 

8m-4n = 8 (ii) v» 

Multiplying (i) by 4 

16m + 4n = 40 (iii) 

Adding (i) and (iii) 

Opposite sides of llgm l 

Opposite sideofllgm 

<2 | 

— J 



24m =48 

48 „ 

m=— = 2 

24 

Put in (i) 

4(2) + n= io 
8 +n = 10 
n = 10—8 n 


= 2 


in tne question 1, SU m of the 
oppo S ,, e angte of the para „ e i ogram js 
the rcmaining angles. 

LMNP is a parallelogram with 
angles 55°, 55° as shown 

To Find: Ail angles 


Sta tement 
ZLPN+55°= 180° 

ZLPN = 125° 

AIso 

Zm= Z P 
Z m = 125° 



Interior angles 


Opposite angles 
^ P= 125° 




